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Holografsko kodiranje akcija i interakcija procesa 
 
Izvorni znanstveni članak 
Digitalne holografske pretvorbe. Holografska površina. Objekti, akcije i događaji na holografskoj površini. Kodiranje akcija. Slijeđenje proces-
nog stanja: kratkotrajna i dugotrajna memorija. HOLA – holografski analitički stroj. Tok podataka u holografskom stroju. Međudjelovanja proce-
snih stanja. 





Distributed intelligence manufacturing and ambi-
ent intelligent systems have been under development 
and small scale application during the last five years [2, 
3]. Basically such machine consists of distributed intel-
ligence that uses computing and process control infra-
structure at hand and serves for process identification 
and surveillance mainly for security purposes.  
Following a biomorphic Damasio’s model [4] the 
machine can be organized mainly as a memory surface 
that enables recognition of complex interactions among 
surveilled objects by means of trained decision making 
intelligence. Decisions are performed for example in 
manufacturing processes such as secure software or 
material processing. 
We shall describe hereby another machine struc-
ture based on the holographic transformation of ob-
jects-states-action paradigm on an active surface. Main 
feature of the paradigm is active mobility of the scene 
follow-up because of the specific features of the holo-
graphic data surface. 
 
2 
Holographic data transformations, active surface 
Holografske pretvorbe podataka, aktivna površina 
Active surface is a memory surface that exhibits 
activity movement on the surface dependent on the 
memory scenery. Such a memory has been announced 
by Edward deBono [1] as a simple mechanism model 
of human mind. It just mimics the movement of con-
sciousness point on the memory surface of a human 
brain. 
 We have tried to introduce a series of artificial line 
holograms [5, 6] that can exhibit a unit step movement 
on the hologram at hand. Hereby we have used one-
dimensional digital hologram for point objects. 
An in-line method for digital hologram construc-
tion means that the referent beam and object beam pos-
sess the same source. Because a one-dimensional point-
object hologram is created, the picture of the point-
object and holographic surface are represented as a 
one-dimensional finite length field. These two fields 
are at the distance z. The difference between neighbor-
ing points of the holographic surface is s. Digital holo-
gram is constructed from spherical wave superposition. 
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For each point of the one-dimensional field the in-
fluence is calculated on the holographic surface. This is 
repeated for each point of the holographic surface. The 
amount A in equation (1) is beam source intensity, d is 
distance between hologram surface point and original 
point and λ is beam wavelength (Figure 1). 
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Distance of each original point and each hologram 
surface point is calculated according to equation (3). 
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Figure 1. Original one-dimensional data and hologram 
Slika 1. Jednodimenzionalni original i hologram 
 
Noise measure of the reconstruct is calculated for 
each reconstruct as a quotient of the sum of absolute 
reconstruct values decreased for a dominant reconstruct 
member (this is usually the original picture reconstruct) 
divided by the number of points that participate in the 
calculation. The obtained hologram is quantized on the 
256 grey scale. 
To achieve a better picture of quantitative relation-
ships, the data is represented as 2D chart with number  
 of the point on the x-axis and the intensity of point on 
y-axis (Figure 2). 
 
 
Figure 2. Chart-presented hologram data 
Slika 2. Grafički prikaz holograma 
 
Hologram construction and reconstruction are 
processor time consuming taking the square of the field 
point number as operation number. Thus 1000 point 
hologram requires million processor operations for a 
full transformation process. 
Basic data transformations in the process consist of 
series and/or concurrent processes such as: manufactur-
ing scene acquisition – object recognition – object 
hologram production – holographic data processing – 
holoreconstruct analysis – holo action recognition – 
machine reconstruction of the scene. These steps are 
not simple to implement. Nevertheless they are quite 
more natural in their functioning than their finite state 
machine representation counterpart. The core transfor-
mation in the process are digital holographic data trans-




Figure 3. Core transformations of objects, holograms and their reconstructs 
Slika 3. Osnovne transformacije objekata, holograma i njihovi rekonstrukti 
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Here two types of results of the process holo-
graphic transformations are observed: one with the 
monotonous holoreconstruct depicted as object A and 
the other with dominant holoreconstruct depicted as 
object B. The following definitions are proposed as ex-
tensions of previous works [5, 6]: 
Def 1: Digital hologram H(A) of the object A is a 
linear transformation of the spherical wave on holosur-
face. 
Def 2: Active holosurface produces the holorecon-
struct of the object A named A* = H-1 (H(A)) using the 
same spherical wave generated from each and all holo-
graphic surface data points. Reconstructed object con-
sists of parts named hi. 
Def 3: Monohologram M = H(1) is produced from 
a distinct data point object named unit object. 
Def 4: Holoreconstruct of the monohologram is 
named 1* and it is equal to 1* = H-1(M). 
Def 5: Extreme part hk of the reconstruct is domi-
nant compared to other reconstructed object parts. 
Dominant reconstructed parts form the so called k-set. 
The dominance can exceed 5% above other nondomi-
nant parts. 








∑ , ki∉  set,                                              (4) 
 
where hi is the absolute value of the i-th 
holoreconstruct part, and among total of n parts are 
excluded those k holoreconstruct parts that are 
dominant. 
Def 7: There exists object X possessing hologram 
H(X) with one dominant reconstruct part. Such holo-
gram and reconstruct are depicted in Fig. 3 as object B. 
Producing another monohologram from 1’ that 
possesses the same position of the dominant compo-
nent reconstruct as the hologram reconstruct of the ob-
ject X gives the opportunity to mathematically recom-
bine both holograms. As the most appropriate opera-
tions has been shown the addition and subtraction of 
holograms. The reconstruct of such subtracted complex 
hologram i.e. H-1 (H(X) – H(1’)) gives the object X 
without the dominant point 1’component. It was ex-
perimentally proven that noise factor of the reconstruct 
of the difference of two holograms, which resembles 
the reconstruct of the original hologram but without the 
dominant part, possesses noise approximately equal to 
the difference of the noise factor of both components, 
i.e. 
 
Nh 〈H-1(H(X) – H(1’))〉 ≈  
≈ Nh 〈H-1(H(X))〉 – Nh 〈 H-1 (H(1’)〉 .                        (5) 
 
 Beside the explanation that holograms reconstruct 
proper object originals there is also the hidden feature 
of the relation (5) that holoreconstructs are tending to 
decrease their noise factor when used for some specific 
actions. Holograms of such holoreconstructs are re-
garded as active holograms and their surface as active 
holographic surface. Moreover, hologram reconstructs 
that have exhibited such behavior can be selected from 
other similar hologram reconstructs due to their previ-
ous activity.  
This opens another question in the form of the rela-
tion between object actions and event coding on the 
holographic surface, because holograms can be evalu-




Objects, actions and event coding – example of the 
short part of the Escherichia coli code 
Kodiranje objekata, akcija i događaja - primjer kodiranja 
kratkog dijela koda Escherichie coli 
 The question arises on the possibility to find 
dominant holograms in the real world. In other words 
are there such objects as defined in the Damasio’s con-
cept but based on holographic content.  
Selecting meaningful objects for holographic cod-
ing can be simplified in the form of taking holograms 
of real objects and trying to code them properly. Or put 
in the form of an example it means taking DNA data as 
already holographic data. The simple life-forms, as 
bacteria Escherichia coli, enable such possibility. The 
problem presents its proper coding. We have taken a 
short code sample of the E coli type K12 MG1655 sec-
tion 342 to 400 of the complete genome with the length 
of 100 data namely (g stands for guanine, t for thia-





This coding can be presented as a digital hologram 
in an immense number of ways. We have chosen a 
symmetric code of the form (-2, -1, 1, 2). Because each 
nucleotide (A, T, G, C) can take any numeric value we 
obtained 4! = 24 coding forms. An example of the 
coded hologram is given in Figure 4. Together with the 
hologram a reconstruct is given, its noise factor and 
dominant reconstruct component. 
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Figure 4. Escherichia coli DNA code combination 7/24 - possibilities for action coding (A= -2, T= -1, G= 2, C=1) [a - Hologram (left) and re-
construct (right); noise measure is 0,341987; maximum = 1,000000 on position 51; b - Monohologram of the unit pulse from position 51 (left) 
and its reconstruct (right); noise measure is 0,081435; c - Hologram difference from above holograms (left); its reconstruct (right); noise meas-
ure is 0.251368 reconstruct maximum = 0,647019 at position 92] 
Slika 4. Escherichia coli DNA kombinacija koda 7/24 – mogućnosti za kodiranje akcije (A= -2, T= -1, G= 2, C=1) [a - Hologram (lijevo) i re-
konstrukt (desno); mjera šuma je 0,341987, maksimum je 1,000000 na mjestu 51; b - Monohologram jediničnog impulsa na mjestu 51 (lijevo) i 
njegov rekonstrukt (desno); mjera šuma je 0,081435; c - Razlika holograma gornjih holograma (lijevo); njihov rekonstrukt (desno); mjera šuma 
je 0,251368 maksimum rekonstrukta je 0,647019 na mjestu 92] 
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The series of actions: raw data - reconstruct 
position 51 - reconstruct position 92 - can represent the 
so called short term memory, because it can be 
reconstructed by the process on the proper holosurface. 
The other memory surface spaces previously used can 
be reached by an associative or provocative input. In 
such a way a holographic engine can be designed based 
on holographic data processing similar to the 
Damasio's machine. Basic for such a machine is data 
flow from input - recognition of machine-process state 
to the output reaction to the stimuli. Holographic data 
processing for input and output receptors and action 
can be exchanged with associative data processing in 
order to obtain the necessary reaction speed. Damasio's 
machine exhibits recognition sequences in tens of 
seconds (1). Our opinion is that it can be made much 
quicker by means of the active memory data based on 
holographic data processing with the inclusion of 





[1] deBono, E. The Mechanism of Mind, Penguin (Cape) 
1986. 
[2] Remagnino, P.; Foresti, G. L. Ambient Intelligence: A 
New Multidisciplinary Paradigm. // IEEE Transactions 
on Systems, Man, and Cybernetics – Part A: Systems 
and Humans, Vol. 35. No. 1 January 2005, str. 1-6. 
[3] Amigoni, F.; Gatti, N.; Pinciroli, C.; Roveri, M. What 
Planner for Ambient Intelligence Applications? // IEEE 
Transactions on Systems, Man, and Cybernetics – Part 
A: Systems and Humans, Vol. 35. No. 1 January 2005, 
str. 7-21. 
[4] Marchesotti, L.; Piva, S.; Regazzoni, C. Structured Con-
text-Analysis Techniques in Biologically Inspired Ambi-
ent Intelligence Systems. // IEEE Transactions on Sys-
tems, Man, and Cybernetics – Part A: Systems and Hu-
mans, Vol. 35. No. 1 January 2005, str. 106-120. 
[5] Jović, F.; Job, J.; Radoš, Z. Detecting small changes in 
process images with digital holography. // 18th Meeting 
on Mathematical Modelling of Materials Processing with 
Lasers, Kaplan A., Svoboda A. (ed.). Igls / Innsbruck, 
Lulea University of Technology, 2005. 
[6] Jović, F.; Jagnjić, Ž. Black and White Image Recording 
Using Holographic Memory Effect. // Poster Abstracts 
of the 26th International Conference on Information 
Technology Interfaces, Lužar-Stiffler, Vesna ; Hljuz 
Dobrić, Vesna (ed.), Zagreb, SRCE University Comput-
ing Centre, 2004, str. 41-42. 
 
 
Author’s Address (Adresa autora): 
Franjo Jović, Full Professor 
Josip Job, Assistant 
Marina Pešut, Assistant 
Matija Protrka, Student 




J. J. Strossmayer University of Osijek 
Faculty of Electrical Engineering 
 
 
